Corneal ectasias, among which keratoconus (KC) is the single most common entity, are one of the most frequent reasons for corneal grafting in developed countries and a threatening complication of laser in situ keratomileusis. Genome-wide association studies have previously found lysyl oxidase (LOX) and hepatocyte growth factor (HGF) associated with susceptibility to KC development. The aim of our study was to validate the effects of seven single-nucleotide polymorphisms (SNPs) within LOX and HGF over KC. Unrelated Czech cases with KC of European descent (108 males and 57 females, 165 cases in total) and 193 population and gender-matched controls were genotyped using Kompetitive Allele Specific PCR assays. Fisher's exact tests were used to assess the strength of associations. Evidence for association was found for both of the tested loci. It was strongest for rs3735520:G4A near HGF (allelic test odds ratio (OR) = 1.45; 95% confidence interval (CI), 1.06-1.98; P = 0.018) with A allele being a risk factor and rs2956540:G4C (OR = 0.69; 95% CI, 0.50-0.96; P = 0.024) within LOX with C allele having a protective effect. This first independent association validation of rs2956540:G4C and rs3735520:G4A suggests that these SNPs may serve as genetic risk markers for KC in individuals of European descent.
INTRODUCTION
Keratoconus (KC) is characterised by progressive corneal thinning and ectasia, leading to significant refractive error and potential scarring. 1 KC prevalence in populations of European descent varies from 5.5 to 8.6 per 10 000 inhabitants 2, 3 and is more common in males. 4, 5 Although most KC cases are sporadic, familial aggregations and twin studies suggest a strong genetic component in the aetiopathogenesis of the disease. 6, 7 Single-nucleotide polymorphisms (SNPs) in two genes, lysyl oxidase (LOX; OMIM *153455) and hepatocyte growth factor (HGF; OMIM *142409), identified by a genome-wide association study (GWAS) have been reported to increase susceptibility to KC. 8, 9 In this study we attempted replication for seven SNPs in LOX and HGF in a Czech case-control cohort.
MATERIALS AND METHODS
The study followed the ethical standards of the Ethics Committee of the General Teaching Hospital in Prague and Charles University in Prague, and adhered to the tenets set out in the Declaration of Helsinki.
A total of 165 unrelated cases with KC were included in the study: 57 females and 108 males, average age at enrolment was 37.2 ± 13.3 years (range 15-69 years). The diagnosis of KC was made in agreement by two cornea specialists. All cases exhibited KC pattern on anterior sagittal maps together with localised corneal thinning in at least one eye. 1 Only patients with KC grade 1 or higher according to the Oculus topographic KC classification based on data obtained by Pentacam (Oculus Optikgeräte GmbH, Wetzlar, Germany) were included. 10 Some eyes had advanced disease with typical signs such as Vogt striae, Fleischer ring and stromal scarring, but this was not an inclusion requirement for the purposes of this study. Bilaterally grafted patients for KC were also considered affected and thus included in the study.
193 unrelated Czech Caucasian individuals (79 females, 114 males average age of 39.5 ± 13.7 years, range 20-81 years) were recruited as controls. They self-reported absence of any ocular conditions impairing vision, other than age-related cataract.
DNA was extracted from venous blood by conventional methods, in some patients Oragene saliva kit was used (Oragene OG-300, DNA Genotek, Ottawa, ON, Canada). SNPs reported to show the strongest associations, although not reaching genome-wide significance, in GWAS 8, 9 were tested (Supplementary Table 1 ). Genotyping was performed using custom designed Kompetitive Allele Specific PCR (KASP) assays at LGC Genomics (LGC Genomics, Hoddesdon, UK). KASP enables bi-allelic discrimination through a competitive PCR harnessing the fluorescence resonance energy transfer principle and it has been shown to have high reliability (98.4-99.3%). 11 For the purpose of this study KASP genotyping assays were designed towards sequences shown in Supplementary Table 1 . For internal quality control 10 samples were randomly selected and PCR fragment containing rs1800449: C4T was Sanger sequenced. 12 The concordance rate was 100%.
Fisher's exact tests were used to calculate odds ratios (ORs) and probabilities of association. The primary model was the allelic test, which assumes co-dominance. Secondary analyses of association under assumptions of dominant and recessive models were also carried out for each SNP. All statistical analyses were done using STATA 12 (STATA Corp., College Station, TX, USA). An αo0.05 was chosen as the statistical significance threshold for validation, because the analysed variants were pre-selected on the basis of strong prior probabilities of association. Methodology used as well as results of our study were submitted to the GWAS Central database (http://www. gwascentral.org/study/HGVST1826).
RESULTS
The genotype call rate for each SNP was 499.3%. All SNPs were in Hardy-Weinberg equilibrium (P40.05) in both the controls and in the combined case-control panel. Allele frequencies in the control group were largely in line with those reported in panels of other European ethnic groups by the HapMap project (http://hapmap.ncbi. nlm.nih.gov/; Table 1 ).
Two out of the seven SNPs analysed showed significant association with KC in a co-dominant allelic test (Table 1 ). The rs2956540:G4C, located within in the fourth intron of the LOX gene (OR = 0.69; 95% CI, 0.50-0.96 for allele C; P = 0.024) and rs3735520:G4A located in genomic region upstream of the HGF transcription initiation site (OR = 1.45; 95% CI, 1.06-1.98 for allele A; P = 0.018). Explorations of alternative models of inheritance changed little the association significance for both loci, although genotypes homozygous for alleles increasing susceptibility to KC were associated with higher ORs than under the allelic (co-dominant) model, suggesting (although not proving) a possible recessive effect in both SNPs.
DISCUSSION
Our study provides the first independent validation of rs2956540: G4C (minor allele serving as a protective factor) and rs3735520: G4A (minor allele serving as a risk factor) associations with KC in a population of European descent, further confirming that LOX and HGF genes have a role in the aetiology of the disease. 8, 9 Details on previous association studies (population origin, genotyping methods used, number of KC and control samples and reported P-values) on the LOX and HGF locus are shown in Supplementary Table 2 .
Recently, association of the HGF locus was also achieved in an independent study comprising population of European descent from Australia. 13 However, alternative SNPs to those shown statistically significant associations with KC in GWAS were tested. 8, 13 LOX enzyme catalyses the final enzymatic reaction required for cross-linking of two basic components of extracellular matrix, collagens and elastin. Although the underlying mechanism of common variants contributing to the disease development remains unknown, the potential effect could lie in affecting the biologic activity of LOX via tissue specific alternative splicing or regulation of expression. 14 Mechanisms of how common variants within the HGF gene alter susceptibility to KC are yet to be determined, but involvement of inflammatory pathways has been previously suggested. 8 The main statistics used here (allelic test) implicitly assume codominance, and is similar to the additive models assumed in the previous reports. 8, 9, 13, 15 Although some caution is invited in the interpretation of our findings because of the relatively small sample size, the validation of rs2956540:G4C and rs3735520:G4A showing the same effect directions as previous studies in populations of European ancestry adds weight to the existing evidence. 8, 9 Although not reaching a statistically significant threshold, the higher MAF of rs1800449:C4T and rs10519694:C4T in controls compared with the KC cases in our study, was consistent with protective effects of these alleles reported in another study using Caucasian case-control panels (Supplementary Table 2 ). 9 rs1014091:G4A and rs17501108:G4T were previously also shown to have a protective effect, 8 whereas in our study their MAF was higher in KC cases that, albeit not statistically significant, indicated a tendency towards the opposite direction of the effect. The failure to replicate the effect direction may be caused by differences in linkage disequilibrium patterns (Supplementary Table 3 ) between these markers and the causative variants within the same gene in the Czech population. Abbreviations: CI, confidence interval; MAF, minor allele frequency; OR, odds ratio; SNP, single-nucleotide polymorphism. The effect sizes are reported with reference to the minor allele. The P-values are rounded up to the second non-zero decimal and are in bold wherever significant (o0.05). Alleles are shown aligned to the forward strand.
